Taxonomic composition and variation in density of zooplankton were studied since 1989 to investigate possible long-term effects of anthropogenic acidification and liming in Sweden (the Integrated Studies of the Effects of Liming in Acidified Water (ISELAW) programme). In the programme, 15 long-term (18-31 years) limed lakes were studied in parallel with 8 untreated circumneutral lakes (representing target conditions) and 7 acid lakes. Five-year means from these lakes were used to evaluate differences between the three lake groups. Water chemistry (including trace metals), phytoplankton, invertebrate predators and fish were also monitored. Older records from 8 of the limed lakes obtained during the acid period preceding the initial liming were compared with records from the limed period. The number of taxa more than doubled in 6 lakes after liming. Total present-day zooplankton biovolume showed insignificant differences between the neutral and limed groups, i.e., conformed with the target conditions. Trace metals, including inorganic aluminium, appeared in low concentrations in limed and neutral lakes whereas zooplankton in one acid lake was Al-intoxicated. Daphnid populations in 4 other lakes may suffer from effects of high Cd or Cu concentrations. ''Bottom-up'' regulation of the zooplankton biovolumes was indicated by positive regressions between total phosphorus-phytoplankton and phytoplankton-zooplankton. Corresponding tests showed no ''top-down'' regulation of zooplankton by fish and of phytoplankton by zooplankton. Biomasses of planktivorous fish were higher in the neutral reference lakes than in both the acid and the limed lake groups, but neither zooplankton density and biovolume nor mean body size were lower in the neutral references. A higher production and turnover of zooplankton in neutral reference lakes may explain similar densities and structure of zooplankton in spite of a heavier predation pressure.
Introduction
Anthropogenic acidification seriously hit Swedish lakes and watercourses from the early 1960s and onwards following the increased emissions of sulphur oxides in Europe. A national remediation programme through large-scale liming of inland waters was launched in 1976. Although the acid deposition now continuously declines, an improved liming programme is still in action treating ca. 6000 lakes. The aim is to detoxify the water by restoring pH and alkalinity thereby making it available for acid-sensitive or Alsensitive biota. Effects and experiences of acidification and the first decade of liming were summarized by Henrikson and Brodin (1995) . However, long-term changes among the different communities and at an ecosystem level still needed study, in particular the question of reversibility (reviewed by e.g. Brett, 1989; Keller & Yan, 1998; Yan, Keller, Somers, Pawson, & Girard, 1996) . Such aspects are the objectives of a programme for Integrated Studies of the Effects of Liming in Acidified Waters (ISELAW) initiated and financed by the Swedish Environmental Protection Agency from 1989 onwards (Appelberg & Svenson, 2001) . The programme comprises 15 lakes limed during on average 25 years (here: ISELAW lakes). These lakes are nutrient-poor, from ultraoligotrophic to mesotrophic and the productivity is generally regulated by phosphorus but nitrogen may also interfere at some sites (additional information (in Swedish): http://info1.ma. slu.se/IKEU/). Parallel studies with similar methods are carried out in seven acid lakes and in eight circumneutral reference lakes.
The primary task of the present study is the question to which extent zooplankton communities in the limed ISELAW lakes have recovered. In the study, two approaches are used: (i) comparison of present-day communities with pre-liming communities (ii) comparison of present communities in the group of ISELAW lakes with those of the circumneutral and acid reference lakes. In addition to detection of differences, the influence on the zooplankton communities of food (phytoplankton), predation (pelagic fish and Chaoborus), pH, toxic inorganic Al and trace metals is addressed. Thanks to this multifactorial analysis both general regulation patterns and exceptional patterns in some lakes could be revealed.
The studied lakes
Fifteen (13 prior to 2004) long-term limed ISELAW lakes spread over the area of high acid deposition of southern and central Sweden were chosen for study ( Fig. 1) . They cover different characteristics of lakes within the national liming programme, i.e., lake size, turnover time, liming methods, fish populations, etc. Parallel studies of eight untreated circumneutral lakes (pH 6.0-7.0) in areas with higher neutralization capacity or lower acid deposition were indicative of target conditions and seven (initially five) acidified lakes were used to mirror acidic conditions. The acid lakes lacked alkalinity and had mean pH less than 5.5 during the icefree season. For eight limed lakes, older records from the acidic period preceding the initial liming were compared with records from the liming period. Basic data for the lake groups showed that limed lakes were directly influenced by the treatment, which affects pH, calcium and alkalinity (Table 1) . Significantly higher concentrations of total phosphorus were found in the neutral references as compared to the other groups (po0.05, Tukey-Kramer HSD-test). Furthermore, some lakes in the acid group deviated from the other groups by extremely high concentrations of inorganic aluminium (Tables 1 and 6 ). Persson and Appelberg (2001) presented additional indications that the ISELAW lakes now have a more oligotrophic status than the circumneutral forest lakes used as references.
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Material and methods
Chemical sampling was carried out monthly from April through October and in February. Determined variables covered inorganic macroconstituents, nutrients, chlorophyll and a set of metals (Cu, Cd, Pb, Zn) including inorganic aluminium. The determinations generally followed European routine methods (http:// info1.ma.slu.se/IKEU/IKEUpresent/Kemanalys.html). Data from surface samples (0.5 m) are given as 5-year means (2001) (2002) (2003) (2004) (2005) or extremes when needed. During 1990-1992 samples for zooplankton species identification were taken using a 75 mm plankton net with a 25 cm opening diameter and a 30 cm cylindrical ''collar'' preceding an 60 cm funnel. An additional 25 mm net had 16 cm diameter, 30 cm cylinder and 20 cm funnel. Vertical net tows penetrating the metalimnion into the hypolimnion were used where possible. Samples were preserved with formalin (4%).
Older data from the acid period preceding the liming were gathered from various sources, most notably from C. Ekstro¨m, who also analysed the net samples from the early 1990s (Persson & Ekstro¨m, 2001) . The taxonomy used for Rotatoria followed Bick et al. (1972) and for Cladocera Flo¨ßner (1972) with the exception of the genus Bosmina (Eubosmina), which was determined according to Nilssen and Larsson (1980) . The genus Cyclops followed Einsle (1975) . Other Copepoda followed Kiefer (1960) . Quantitative zooplankton samples were taken with a Limnos sampler, a 55 cm long and 10 cm diameter perspex tube with a ''minimum disturbance'' external closing mechanism actuated by a messenger. Water samples (4.3 l) were taken at 2-m intervals down to 8-m depth. Some shallow lakes had to be sampled in a 6, 4 or 2 m stratum. The samples were filtered through a 40 mm net, pooled and preserved in acid Lugols solution before species identification and enumeration under an inverted microscope. Stereometric figures served to calculate biovolume constants for different taxa, development stages and/or size classes (archived). Microscopic measurements supplied the necessary dimensions. The lakes were sampled in mid-June, -July, -August and -September. In the evaluation, mean values for a 5-year period (2001) (2002) (2003) (2004) (2005) are used for 26 lakes and 1 year for four lakes.
Vertically integrated phytoplankton samples were taken mid-monthly with a tube sampler (usually pooled samples from 5 sites per lake and 0-4 m depth) during April-September, preserved with acid Lugols solution, identified and counted under an inverted microscope with the Utermo¨hl technique (Wille´n, 2006) .
Pelagic fish was caught using floating gillnets, with a set of mesh sizes following a European standard (Anonymous, 2005) , anchored centrally in each lake and protruding downwards 0-6 m, 6-12 m, etc. Pelagic netting was carried through in 24 lakes, 4 lakes were not feasible for pelagic netting and 2 acid lakes were void of fish. A 5 year (2001) (2002) (2003) (2004) (2005) mean CPUE (g wet weight per night and m 2 net area) was calculated. In shallow lakes (o10 m) no pelagic fishery was carried out. Phantom midge larvae (Chaoborus flavicans) were enumerated in samples from the profundal zone Differences between lake groups were tested by using the Tukey-Kramer HSD test. When differences are referred to as significant in the text the 95% level (po0.05) is used unless otherwise specified. ANOVA on log-transformed data was used in a complementary test for differences in the zooplankton communities of the treatment groups (Table 4 ). Multiple regression was used for the analysis of ecosystem functions such as, e.g., nutrient regulation or predation. The criterion for significance is po0.05.
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Results
Zooplankton communities
The species analysis in the acid, neutral the limed groups of lakes gave cumulated group totals of 31, 45 and 53 identified taxa, respectively (Fig. 2) . In terms of the mean number of taxa per lake group 12, 20 and 23 taxa were found ( the acid group was less than 60% of that of the other two groups. Although the number of taxa was lower in the acid group the share of the major taxonomic groups within the community was very similar to that of the neutral or limed lakes ( Table 2 ). The standard deviation of the number of taxa of the groups is highest for the acid group followed by the other groups which indicate a higher variability within the acid group. This is also evident in Fig. 2 where most species occur just in a few of the lakes in the acid group, as compared to the other groups where several taxa are common to all lakes. From the figure it may be seen that e.g. 13 species occurred in 75% of the limed lakes whereas 14 taxa was found in the neutral and 6 taxa in the acid lakes. Species composition was available from 9 of 13 limed lakes in an earlier acid state, before liming, which made it possible to describe recovery of individual lakes (Table 3) . After liming, the taxa numbers more than doubled in five lakes and also increased in the four other lakes (Table 3) . Liming effects on the zooplankton community structure were thus evident. In particular, the number of rotifer taxa increased in all but one lake and this lake had the highest number during the pre-liming period.
The number of cladoceran taxa increased to a lesser extent and the number of copepod taxa usually stayed constant and increased in a few cases. These temporal changes indicate that the adjustment period to new conditions after liming may be short (o5 years) for community composition.
Zooplankton densities and biovolumes
The zooplankton density differed one order of magnitude between single lakes in the complete data set ( Fig. 3 ). In terms of numbers, rotifers spanned 5-450 individuals per litre. Cladocerans spanned 0-35 ind. L À1 and copepods 5-90 ind L À1 . The means of the three lake groups varied, but there were no significant differences (p40.05) between the groups, neither when total density nor when density of the different animal groups were compared using the two test methods (Table 4 ). However, the ANOVA, run on log-transformed values, did detect differences at the po0.10 level for Copepoda and Cladocera due to the low densities in the acid lake group. Differences in community composition between the lake groups were particularly evident when ratios between the major taxonomical groups were compared. In fact, the density ratio rotifers/copepods was significantly higher in the acid lake group, as tested with Tukey-Kramer HSD and ANOVA-tests, but was not different between neutral and limed lakes. The density ratio rotifers/cladocerans was significantly higher in the acid group as compared to the neutral and limed groups. The density ratios copepods/cladocerans did not differ significantly between the three lake groups. Thus the tests confirmed the deviating community shares of these organism groups in the acid lakes and the lack of significant differences between the neutral and limed groups. Three of the lakes could be characterized as outliers; L. Ö rvattnet was almost void of Cladocerans (o0.1 ind L À1 ), L. Lillesjo¨had extremely few planktonic animals in general (o2.1 ind L À1 ) and in L. Na¨ssjo¨n all groups were highly abundant, most notably the rotifer Asplanchna priodonta (540 ind L À1 in August 2005). It must be noted that these three lakes also belong to the small group sampled only during 1 year, not 5.
Mean total zooplankton biovolumes of the treatment groups were 0.97 (acid) 1.61 (neutral) and 1.84 mm 3 L À1 (limed). These biovolumes were not significantly different between the lake groups at the po0.05 level according to both Tukey-Kramer HSD and ANOVA tests. The mean body size of animals in the treatment groups was also compared. Variation within the groups was large, and mean size of rotifers, copepods and cladocerans in neutral and limed lakes was not significantly different. However, the mean size of the whole community was significantly smaller in the acid lake group as compared to the others (p ¼ 0.008, ANOVA). On a species or genus level there were few significant differences between the lake groups. However, within the Cladocera the genus Daphnia was significantly less frequent in terms of density and biovolume in acid lakes as compared to neutral reference and limed lakes. Within the Copepoda, cyclopoids were significantly less frequent in acid and limed lakes as compared to neutral reference lakes. These differences contribute to the differences in quotients between major taxonomic groups among the treatment groups.
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Phytoplankton
Phytoplankton total biovolumes spanned over one order of magnitude within the treatment groups (Fig. 4) . However, the total phytoplankton biovolume was significantly higher in the neutral group than in both the limed and acid lake groups. This was also true when Gonyostomum semen (Raphidophyta) -an invasive species and possible ''dead end'' in the grazing food chain -was excluded in the tests. Other taxonomic groups like cyanophyceans, cryptophyceans, chrysophyceans and green algae showed significantly higher biovolume in the circumneutral lakes as compared to both the acid and limed lakes. Diatoms were present in significantly higher biovolumes in both neutral and limed lakes as compared to the acid lakes. Dinoflagellates were significantly more abundant in the acid lakes than in the other lake groups. Thus the phytoplankton of the acid lakes was poorer than in the neutral lakes with the exception of dinoflagellates which were more common in the acid lake type. In the limed lakes, on the other hand, biomasses of several algal groups were lower than in the neutral lakes and only diatoms and dinoflagellates had similar biovolumes as in neutral lakes. A more thorough examination (Wille´n, 2006 ) also revealed a more uniform flora with more stable and balanced communities with fewer dominant species in the limed lakes than in the other lakes. 
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''Bottom-up'' effects
Bottom-up effects were studied using the nutrients as the ''bottom'' followed by phytoplankton and zooplankton. In a linear regression on total phosphorus, 65% of the variation in total phytoplankton biovolume was explained (Table 5 ). High water flushing affects both phyto-and zooplankton leading to low biovolumes. Lake Gyltigesjo¨n, an outlier with extremely rapid flushing (mean water residence time ¼ 1-2 weeks), therefore was excluded in these regressions. Additional chemical factors just slightly increased the degree of explanation. When chlorophyll was substituted for biovolume an even higher fraction of the variation was explained by total phosphorus alone (71%). When the ratios phytoplankton biovolume/Total P and Chlorophyll a/Total P were compared between the lake groups by rank test, no significant difference was found, but a tendency of lower phytoplankton biovolume/Total P ratio in acid as compared to neutral lakes was noted. The variation in total zooplankton biovolume was only partly explained by total phosphorus alone (r 2 ¼ 0.47) but better by total phytoplankton biovolume (r 2 ¼ 0.74) or chlorophyll a concentration (r 2 ¼ 0.70). Two outliers (L. Lillesjo¨and L.Na¨ssjo¨n) were then excluded, the first due to supposed toxic interference (see below), the second due to a suspected ''overshoot'' during the reported year as compared to several years of earlier sampling. When both phytoplankton biovolume and total phosphorus were used in a multiple regression (Table 5 ) on total zooplankton biovolume an even larger part of the variation was explained (r 2 ¼ 0.75). A regression with chlorophyll and total phosphorus explained slightly less of the variation (r 2 ¼ 0.70). This fairly good positive correlation indicates a high degree of ''bottom-up'' regulation of the total zooplankton biomass. Zooplankton of the three treatment groups appears to have similar relations to the underlying trophic level. Regressions with chemical factors or phytoplankton variables were also run on biovolumes, densities and individual body volumes of the taxonomic groups Rotatoria, Cladocera or Copepoda, but just a minor fraction of the variation could be explained. The largest fraction of the variation was explained for the Rotifer group (r 2 ¼ 0.72) on phytoplankton biovolume. Thus the coupling between nutrient level and the zooplankton subgroups was not as good as for the total zooplankton community, which might indicate that the groups may be regulated or structured by other factors than the food complex.
Zooplankton predators -fish and Chaoborus
Predation by planktivorous fish usually has an impact on communities of zooplankton and on invertebrate predators which in turn may affect the community of (3), char, Salvelinus salvelinus (4) and bleak, Alburnus alburnus (2 lakes). The pelagic appearance is typical for the subdominants whereas roach -and perch in particular -also are abundant in the littoral zone, perch often ten times more abundant. However, young individuals of roach and perch are also known to feed in the pelagic zone where they were caught in this study (Lessmark, 1983; Persson, 1994) . Total fish biomass, the summary estimator of predation pressure, had group means of 1.0, 4.3 and 10.9 in acid, limed and neutral lakes, respectively. Catches were significantly lower (po0.05) in the limed and acid lake groups than in the neutral group.
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Chaoborus occurrence was counted in benthos samples, and in total Chaoborus was found in 21 out of 30 lakes: 5 acid, 6 neutral and 10 limed. Obviously, it was not grazed down to zero levels even under expected high fish predation. In spite of that, there was a tendency that ARTICLE IN PRESS Fig. 4 . Mean biovolume of planktonic algae in the three lake groups 2001-2005. Data sorted after falling total biovolume within each group. Separately marked is the share of Gonyostomum semen. Table 5 . Regression equations for total phytoplankton biovolume, chl a, and total zooplankton biomass in all lakes B phyt ¼ Tot-P*0.12-0.55, r 2 ¼ 0.65, po0.0001, n ¼ 29 Chl a ¼ Tot-P*0.61-1.64,
Dimensions: B zoo (mm 3 L À1 ), B phyt (mm 3 L À1 ), Chl a (mg L À1 ) and Tot-P (mg P L À1 ).
the neutral reference lakes with the highest catch of pelagic fish also had the lowest Chaoborus biomass. This inverse relationship between fish predation pressure and Chaoborus biomass was not significant, however, mostly due to the high abundance of Chaoborus in one lake with particularly brown water (L. Gysla¨ttasjo¨n). Furthermore, a negative relationship between Chaoborus and pelagic fish could not be confirmed in regression analysis based on data from individual lakes.
''Top-down'' effects
Planktivorous fish are considered to affect the structure of zooplankton communities, which may lead to smaller cladocerans in the community and/or a higher fraction of copepods (specially diaptomids) or rotifers in the communities. Chaoborus, on the other hand, is stated to catch smaller prey among cladocerans and primarily structure the communities towards larger species. Biomasses of cladocerans and copepods may also be reduced due to predation. However, a comparison of the ratios between major zooplankton taxonomic groups among the treatment groups revealed small and insignificant differences between the neutral and the limed groups in spite of the indicated higher fish predation pressure in the neutral lakes (Table 4 ). When zooplankton in neutral and limed groups were compared with zooplankton in the acid group, deviations of community composition in the acid lakes were indicated basically due to the significantly smaller shares of cladocerans and copepods as compared to rotifers (Table 4 ). Mean body size for the three taxonomic groups was not significantly different between the treatment groups. However, body size of the complete planktonic community was significantly smaller (ANOVA, p ¼ 0.008) in the acid lake group than in the other groups. Although this might imply higher predation in the acid lakes, two of them are fish free and few cladocerans (both small and large) may occur in these lakes due to otherwise adverse conditions (see below). Thus tentative body-size differences between neutral and limed lakes due to different predation pressure were not seen, whereas deviations in the acid lakes may be due to chemical impacts (see below). Regression analysis on data from individual lakes furthermore indicated that differences between lakes in mean body size of total zooplankton, Cladocera, Copepoda or Rotatoria were not explained by differences in predation pressure by fish or Chaoborus. The estimators of fish and Chaoborus predation were also regressed on biomasses of the three zooplankton groups. No significant negative correlation on predation pressure appeared. Obvious signs of topdown regulation by fish could thus not be found in the analysis of individual lakes. Cascading effects according to the ''top-down'' theory would also involve phytoplankton. A positive correlation would then exist between the amount of fish or invertebrate predators and total phytoplankton biomass. The theory also predicts a negative correlation between the zooplankton-eaters and total biomass of grazing zooplankton. However, the regression tests made here to reveal possible cascading effects also gave insignificant results, and the effects were either not present or were not possible to detect with this approach.
Chemical factors
Whereas hydrogen ion activity generally is accepted as the major factor influencing the zooplankton occurrence in acid and limed lakes, adverse effects of high concentrations of aluminium or other metals may also be important. Furthermore some species, most notably daphnids, also have a fairly high calcium demand which may not be fulfilled in soft-water lakes. There are three lakes in this programme with calcium concentrations between 2.0 and 0.2 mg L À1 , an interval where species common in soft-water lakes may have their threshold concentration (Table 6 ). These are lakes Ha¨rsvattnet, Ö rvattnet and Ö vre Sa¨rnamannasjo¨n, all acid. The possible threshold limit is then obtained from Daphnia galeata. Holopedium gibberum, Diaphanosoma brachyurum and copepods are supposed to have lower thresholds as compared to D. galeata. Tentative thresholds of inorganic Al (see Discussion and conclusions) may be exceeded in L. Lillesjo¨(mean inorganic Al 320 mg L À1 ) and L. Ha¨rsvatten (130 mg Al L À1 ). In another two lakes occasionally Al concentrations reached 300 mg L À1 (Table 6) . Among other potentially toxic substances, maximum copper concentrations occurred in L. Ö vre Ska¨rsjo¨n, an acid clear-water reference lake, where the upper quarter of all values were in the interval 9-15 mg Cu L À1 . Second followed L. Va¨stra Ska¨lsjo¨n, a limed clear-water lake, with a few readings above 9 mg Cu L À1 . Cadmium concentrations were typically elevated in two lakes, with mean concentrations slightly below 0.1 mg Cd L À1 and maximum concentrations up to 1.5 mg Cd L À1 (Table 6 ). The lakes were L. Lien, a brown-water limed lake and L. Ö vre Ska¨rsjo¨n, the latter also known for high copper concentrations.
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Discussion and conclusions
The 30 lakes involved in this study spanned a large variation in physical and chemical characteristics. The lake groups differed significantly as regards pH, alkalinity and calcium (Table 1 ). The chemical data for limed lakes are valid for a spectrum of Swedish limed lakes as regards variables primarily coupled to liming (Henrikson & Brodin, 1995; Ho¨rnstro¨m, Ekstro¨m, & Duraini, 1984) . Significant differences between groups were also found for total phosphorus, thus acid and limed lakes had lower concentrations than neutral references (cf. Persson & Appelberg, 2001) . Concentrations of inorganic aluminium and some other metals were elevated in some of the acid lakes.
The zooplankton species occurred at the same frequency in the limed lakes as in the neutral lakes, whereas acid-sensitive taxa often were lacking in the acid group. Absent species were basically those expected, but it was also noted that some acid-sensitive species (e.g. daphnids) were present in some acid lakes. One reason may be the fairly high pH criterion (pHo5.5) used for acid lakes in this study. Another reason may be the humic content of some acid lakes.
The tolerance threshold may also be more ''elastic'' than expected. Yet, the general impression of impoverished communities was evident for acid lakes (cf. Fig. 2 ). Although knowledge of expected communities of nonacid Swedish lakes is still incomplete, different regional studies (Ho¨rnstro¨m, Ekstro¨m, Fro¨berg, & Ek, 1993; Pejler, 1965) indicate that the achieved communities in limed lakes are the expected ones, given their position in an altitudinal and latitudinal gradient. These gradients also affect the total species number in the neutral and ISELAW lakes so that the expected number of taxa typically spanned 15-20 in northern Sweden and 20-25 in southern Sweden (Persson & Ekstro¨m, 2001) . In summary, the groups of limed and neutral lakes appear to share all taxa that reasonably could be expected when taking their distributional patterns into account. Data on species richness in 8 limed lakes from the acid period before the onset of liming confirmed that the species composition today was the result of a recovery from poorer acid communities remedied by liming. Thus the outcome of the temporal approach to evaluate liming effects points to a complete or near-complete recovery by liming.
The second approach, the comparison of communities in limed lakes with circumneutral lakes representing target conditions, brought forward more complex information particularly because a group of acid lakes where included to mirror possible conditions unless liming was effectuated. Mean zooplankton biovolume in the lakes included in the study ranked limed4neutral4 acid but was not significantly different between lake groups. It is important to note that this is a result for a period far away from initial liming (418 years), which may contradict earlier results gained within few years after initial liming which often showed significantly higher biomasses (Brett, 1989; Ho¨rnstro¨m et al., 1993; Nyberg, 1998; Stenson & Svensson, 1995) but also lower biomasses (Brett, 1989; Dillon, Yan, Scheider, & Conroy, 1979; Schaffner, 1989) . However, despite of lacking differences in total biomass, there were structural differences between the communities of acid and neutral lakes indicated by different shares of the major taxonomic groups (Rotatoria, Cladocera and Copepoda) so that acid lakes hosted more abundant rotifer communities relative to both cladocerans and copepods. This observation is in agreement with other studies (Brett, 1989) . However, the density shares of the major taxonomic groups were similar for limed and neutral lakes, i.e., zooplankton communities appear to respond by recovery due to liming, which is one important answer to the raised questions.
Zooplankton communities are known to be both structured and affected in terms of biomass by predation by planktivorous fish (Stenson & Svensson, 1995; Zaret, 1980) . Here, standardized pelagic gill net catches of planktivorous fish were found to be significantly lower in the limed-and acid lakes as compared to the neutral references. However, neither zooplankton biomass nor density or body size of groups were significantly lower in the group of high-planktivore lakes ( ¼ neutral references) despite of a higher predation pressure by pelagic fish. Possible explanations would include a higher production and thus more rapid turnover of zooplankton in the high-planktivore, neutral lakes. The lumping of many planktivore fish species into one single group may also affect the results. Furthermore, simple positive relationships, phosphorus-phytoplankton-zooplankton, were significant in the material and pointed to the importance of nutrient regulation (''bottom-up'' regulation) in this type of oligotrophic forest lakes. This was also the conclusion from earlier studies of these lakes (Persson & Appelberg, 2001) and in other lakes (Benndorf, Bo¨ing, Koop, & Neubauer, 2002) . The lower density of planktivorous fish in limed lakes (Fig. 5 ) may thus be an effect of low zooplankton production caused by lower nutrient availability and turnover compared to the neutral reference lakes (see Table 1 ).
Adverse or toxic conditions were judged by comparing threshold and ambient concentrations of calcium and some metals. When it comes to aluminium thresholds there are a number of factors to consider. For instance, pH value heavily influences the aluminium speciation. Furthermore, both calcium and organic matter reduce Al toxicity (Havens, 1993) . In spite of very diverging outcomes of toxicity experiments it appears that microcrustaceans have high thresholds, and Lydersen, Lo¨fgren, and Arnesen (2002) suggested possible effects only at concentrations exceeding 100 mg Al L À1 . Ho¨rnstro¨m et al. (1984) exposed Daphnia magna to four different aluminium concentrations and found ca. 60% mortality (72 h) at 300 mg Al L À1 whereas 150 mg Al L À1 gave no effect. D. galeata mendotae responded by increased mortality below 200 mg Al L À1 at pH 6.0 (Havens, 1992) . Population growth and survival failed when Acroperus harpae, a littoral microcrustacean, was exposed to 300 mg Al L À1 for 5 weeks (Ho¨rnstro¨m et al., 1984) . During these experiments, pH was kept at 5.5. Ho¨rnstro¨m et al. (1984) also analysed species richness in ARTICLE IN PRESS Fig. 5 . Mean catch of pelagic fish in the three lake groups 2001-2005. Catch per unit effort from fishery in the pelagic zone with standardized gill nets is given for 0-6 m depth (g.w.w m À2 night À1 ). Non-fished shallow litoral lakes are noted. 65 more or less acidified lakes along the Swedish West Coast and noted that 10 out of 30 species were lacking at concentrations above 180 mg Al L À1 . However, Daphnia spp. was absent already at levels above 50 mg Al L À1 . Based on these results, it appears that toxic concentrations were present in L. Lillesjo¨(mean inorganic Al 320 mg L À1 ) and L. Ha¨rsvatten (130 mg L À1 ) ( Table 6) . Both belong to the acid references in the programme. In another two lakes occasionally Al concentrations reached 300 mg L À1 but L. Lillesjo¨with episodic Al concentrations of 400 mg L À1 still stands out as having the most toxic conditions. Two lakes (L. Ö vre Ska¨rsjo¨n and the limed L.Va¨stra Ska¨lsjo¨n) had more than ''high concentrations'' of cupper (9 mg Cu L À1 ) according to the Swedish Environmental Quality Criteria (Anonymous, 2000) . A similar limit (11 mg CuL À1 ) was suggested by Lydersen et al. (2002) . Reproduction, survival and community structure of zooplankton may thus be affected. Two lakes occasionally had ''high concentrations'' of cadmium (1.3-1.5 mg Cd L À1 ) according to the Swedish Environmental Quality Criteria (Anonymous, 2000) , whereas mean values were ca. one third lower (Table 6) . Obviously, the liming of L. Lien, a brown-water limed lake, did not reduce cadmium concentrations to low levels, but high concentration of organic matter and rare concentration peaks of cadmium are supposed to make biota less vulnerable. Lake Ö vre Ska¨rsjo¨n, the other lake of concern, is a clearwater acid reference lake in which high cadmium and copper levels are combined with low levels of organic matter, which would make biota vulnerable to damage. Effects of the fairly high concentrations of metals among the studied lakes are thus thought to be confined to some acid lakes. As discussed, there is no a priori need to account for adverse population and community development in neutral and limed lakes due to toxic effects. Still, it has been noted that liming does not always appear to cure pre-liming high metal concentrations (cf. Borg, Andersson, & Johansson, 1989) . In acid lakes, on the other hand, effects may be present in more than the pinpointed L. Lillesjo¨. Presences of Daphnia cristata in five of the acid and metal contaminated lakes (Table 6 ) and D. galeata in three of them also have a quantitative dimension. During one or several years both of these species were absent in the quantative samples from three of the lakes and stable populations for both species during 5 years were found only in one brown-water lake (L. Lien). It was also noted that the daphnid populations in these lakes might take advantage of very low fish predation (CPUE ¼ 0-4.1 g w.w m À2 night À1 ), yet the populations were obviously failing. The message from the quantitative samples thus may be that populations of these species suffer from poor reproduction and survival due to intermittent toxic conditions, which form this type of occasional populations.
In general, it appears from this study that zooplankton communities in most aspects are similar in neutral references and in long-term limed lakes. The zooplankton communities of these oligotrophic -ultraoligotrophic lakes appear to be regulated by nutrients and food, both in the neutral references and the limed lakes. Attempts to find indications for predator regulation by fish and Chaoborus were not successful and this type of regulation appeared minor or absent in these lakes. In acid reference lakes an additional regulation by toxic metals came into play, which deserves further attention.
